ABSTRACT Adult density and oviposition of sorghum midge, Contarinia sorghicola (Coquíllett), on a resistant and susceptible sorghum, Sorghum bicolor (L.) Moench hybrid, were assessedunder field conditions at College Station, Tex., during 1983 and 1984 . Approximately 33% more female midges visited flowering panicles of a susceptible hybrid than those of a resistant hybrid. Moreover, ca. 25% more female midges were collected on flowering panicles of either hybríd that had not previously been infested with mídges compared with panicles that had already been exposed to midges. Number of eggs laid in spikelets by 20 caged females per panicle, or by naturally occurring females in the field, was from 4-to 5-fold greater for midges infesting a susceptible than a resistant hybríd. Differences in number of eggs and egg-infested spikelets of the two hybrids fre consistent in a free-choice or nochoice situation. These results indicated that nonpre tence for oviposition was much more important than nonpreference for adult visitation a a component of nonpreference resistance of the agronomically improved sorghum hybrid ATx2755 x Tx2767.
INSECTPESTSof sorghum reduce yield and increase production costs. The sorghum midge, Contarinia sorghicola (Coquillett) , is one of the most damaging arthropod pests of sorghum, Sorghum bicolor (L.) Moench, worldwide (Young and Teetes 1977) . Sorghum grown between latitudes 40"N and 40"S is always vulnerable to the sorghum midge.
Sorghum midge larvae are protected inside the sorghum spikelet during their development. Adults live for 1 day and continuous daily infestation occurs in flowering sorghum fields. Consequently, insecticidal control becomes expensive, and is often largely ineffectíve when mídge density is high. In addition, sorghum is sensitive to some insecticides and phytotoxicity often results (Meisch et al. 1970) .
Cultural methods of control, such as destruction of wild hosts and host evasion by early, uniform, regional planting are the most effective control strategies (Hoelscher and Teetes 1981) . The use of resistant cultivars provides a promising midge management tactic. Many lines of sorghum have been reported as resistant to sorghum midge. Bowden (1965) and Harris (1970) reported that the 'Nunaba' group of varieties was resistant because the glumes were long and díd not open during anthesis. The same phenomenon was reported for 'IS2663' and 'IS2660' sorghum lines by Berquist et aI. (1974) .
Studying the response of eight lines of sorghum to midge infestation, Overman (1975) observed that, although flowering panicles of 'AF-28' were most frequently visited by midge females, they were the least infested with eggs and consequently least damaged. On the other hand, flowering panicles of the line 'SGIRL-MR-1' were visited less often than panicles of 'AF-28' but were more heavily infested with eggs and consequently more damaged. Based on the work of Overman (1975) , it is possible to identify two components of adult nonpreference involved in the sorghum and sorghum midge interaction: adult nonpreference for visitation and adult nonpreference for oviposition. Rossetto (1977) evaluated ca. 20 midge-resistant sorghum lines and concluded that nonpreference for oviposition was present to some degree in most resistant lines. Wuensche (1980) reported that comparison of adult emergence from six sorghum midge-resistant lines failed to show differences in levels of resistance. However, adults showed nonpreference for visitation for the following lines in increasing order: 'SGIRL-MR-1', 'AF-28', 'TAM428', 'SC423', and 'TAM2566'. In addition, a significant reduction was found in the number of larvae and pupae infesting spikelets of 'TAM2566' and 'SGIRL-MR-1'. Evaluating yields, adult emergence, and caryopsis development, Wuensche (1980) found that tolerance was not an important component of sorghum resistance to sorghum midge. Melton and Teetes (1984) reported lower midge densities on flowering panicles of two resistant hybrids (both derived from 'T AM2566') than on panicles of a susceptible hybrid. Also, they reported a 40-60% reduction in number of progeny that emerged from spikelets of the resistant hybríds compared to the susceptible check, regardless of midge density. For the common sorghum hybrids grown in Texas, the economic threshold level for sorghum midge is an average of one ovipositing female per flowering panicle (Bottrell1971); however, for improved midge-resistant hybrids the economic threshold level has been shown to be 5-fold greater (Hallman 1982) . The objective of our research was to compare nonpreference for visitation and oviposition on flowering panicles of an agronomically improved midge-resistant and a midge-susceptible sorghum hybrid,
MateriaIs and Methods
Field experiments were conducted in Burleson County, Tex., at the Texas Agricultural Experiment Station Research Farm near College Station. The hybrids used were: the midge-susceptible check ATx2752 x Tx430 and the midge-resistant ATx2755 x Tx2767 (Johnson et a!. 1982) . Both hybrids were planted on three occasions in four-row plots (1 m wide, 6.1 m long) and replicated four times. The cultural practices used were those recommended for the region. To ensure that midge infestation occurred at the desired time, emerging panicles at the boot stage of plant development were individually covered with fine-mesh plastic cages sealed at the base with stripes of velcro sewed on the inside (Baxendale 1983 ). Cages were removed at the 50% panicle flowering stage to allow infestation.
Adult Nonpreference for Visitation. The number of sorghum midge adult females visiting panicles of the resistant and susceptible sorghum hybrids was recorded on several occasions in 1983 and 1984. In addition, the number of adult sorghum midges visiting uninfested and previously midge-infested flowering panicles of both hybrids was determined in 1984. Ten flowering panicles of each hybríd, exposed to midge infestation, were randomly chosen between plots in 1983 and within plots in 1984. Each panicle was covered with a plastic bag (35 by 25 em), then excised and transported to the laboratory where the number of adults was counted. This experiment was conducted on five occasions in 1983 and two occasions in 1984.
Adult Nonpreference for Oviposition. A comparison of the number of eggs laid by sorghum midges in spikelets of the resistant and susceptible sorghum hybríds and the number of egg-infested spikelets was made in 1983 and 1984. Natural and artificial midge infestations were used. Natural infestation of panicles was accomplished by removing cages from panicles at the 50% flower stage, allowing panicle exposure to naturally occurring midges from 0800 to 1600 hours (CDT) in 1983. Since midge density could not be manipulated under natural infestation, the interval of time that flowering panicles were exposed to infestation was manipulated to expose the resistant hybrid to midge oviposition pressure higher than that of the susceptible hybrid. Panicles of the resistant hybrid were exposed to natural midge infestation for 3 h while panicles of the susceptible hybrid were exposed for only 1 h. Panicles were artifícially infested using the same kind of cages used for protection. Twenty adult female midges per panicle were introduced into cages from 0800 to 1000 hours (CDT) (Melton 1982) .
One day following infestation, random samples of one rachis branch from a section of the panicle that was flowering the previous day were collected, brought to the laboratory, and stored in a freezer for later spikelet dissection. Spikelets were chosen at random from the collected rachis branches, then dissected under a stereomicroscope to count eggs and number of infested spikelets. In 1983, on six occasions, rachis branches were collected from five plants of each hybrid and bulked. A sample of 50 spikelets was dissected. In 1984, on three occasions, rachis branches were collected from eight panicles of each hybrid and 25 spikelets per panicle were dissected. To obtain a better approximation of a normal distribution, logarithms of the number of eggs and square root of the number of infested spikelets were used for the statistical analysis. Significant dífferences (P < 0.05) were determined using analysis of variance, Student's t test, and Duncans (1955) multiple range testo
Results and Discussion
Adult Nonpreference for Visitation. The mean number of midge females per panicle of the sus- a Least-square means within columns followed by the same letter are not significantly different (P > 0.05; Student's t test).
b Means within columns followed by the same letter are not significantly different (P > 0.05; Duncan's [1955] multiple range test).
ceptible hybríd was significantly (P < 0.05) higher than the number per panicle of the resistant hybrid (Table 1) . Adult midge densities varied as much as lO-fold during the density assessment period. In general, l.4-to 2.9-fold more females were present on flowering panicles of the susceptible hybrid than on panicles of the resistant hybrid, The results of these 2-year experiments indicated some degree of adult midge nonpreference for visitation to the flowering panicles of the resistant hybríd when susceptible sorghum was available. These results agree with severaI earlier reports (Wiseman and McMillian 1970) .
The number of visiting adult females on flowering panicles of the resistant or susceptible hybrid previously exposed to midge adults was signífí-cantly (P < 0.05) lower than the number on floweringpanicles that had not been previously midge exposed or infested (Table 2) . No significant (P > 0.05) interaction effect was detected between midge infestation and hybríd. Midge density was significantly (P < 0.05) higher on previously uninfested (unexposed) panicles than on panicles previously infested by midges, regardless of hybrid, Adult Nonpreference for Oviposition. Following natural infestation, the mean number of sorghum midge eggs was significantly (P < 0.05) greater in spikelets of the susceptible hybrid than in spikelets of the resistant hybríd (Table 3 ). The number of infested spikelets of the susceptible hy- Statistical test performed with the logarithm (no. eggs) and square root plus 0.5 (no. infested spikelets) of original value. Means (1983) and least-square means (1984) within columns followed by the same letter are not significantly dífferent (P > 0.05; Duncan's [1955] multiple range test and Student's t test, respectively).
a Flowering panicles of both hybríds were exposed to midges for a full day.
b Flowering panicles of the susceptible hybríd were exposed to midges for 1 h and the resistant hybrid for 3 h. Means (1983) and least-square means (1984) within columns followed by the same letter are not significantly different (P > 0.05; Duncan's [1955] multiple range test and Student's t test, respectively).
brid was also significantly (P < 0.05) greater than those of the resistant hybrid in both years. The difference in the number of eggs laid in the spíke-lets, as well as the number of infested spikelets of the resistant and susceptible hybrids, was not as great in 1984 (2-fold) as it was in 1983 (5-fold) due to infestation time differences.
The smaller number of eggs found in spikelets of the resistant hybríd following natural infestation could be a result of the lower visiting midge density on the panicles of the resistant hybríd, However, the difference in number of adults visiting panicles of the two hybríds was not as great as the difference in egg infestation levels. These results indicated the existence of another component of nonpreference resistance besides adult nonpreference for visitation. Following artificial infestation, the mean number of sorghum midge eggs laid between the glumes as well as the number of infested spikelets were significantly (P < 0.05) greater for the susceptible hybrid than the resistant hybrid (Table 4) . About 5-fold more eggs and 4-fold more infested spikelets were recorded for the susceptible hybrid than the resistant hybrid.
The significantly larger egg infestation of the susceptible hybrid compared with the resistant hybrid, under the same adult density, indicated that nonpreference for oviposition is a component of resistance in addition to adult nonpreference for visitation. Although this nonpreference component is referred to as nonpreference (Painter 1951) , the adult midge females may not have been able to lay as many eggs in the spikelets of the resistant hybrid as in the spikelets of the susceptible hybríd or may have been deterred from laying. When the results of experiments involving adult nonpreference for visitation were compared with that for oviposition under natural and artificial infestation, some important implications were apparent. Midge adult nonpreference for oviposition, ar inability to oviposit, would be expected to be additive to nonpreference for visitation. However, this additive effect did not occur. The dífference in egg infestation leveI between the resistant and susceptible hybrid was the same (ca. 5-fold) following natural or artificial infestation. Natural infestation involves both resistance components (adult non-VoI. 79, no. 2 preference for visitation and oviposition) while artificial infestation involves only nonpreference for oviposition. At least two hypotheses can be proposed. Since adult midge females can distinguish infested panicles from uninfested panicles, as discussed previously, they may switch from panicles of the susceptible hybrid, after heavy oviposition, to the resistant hybrid, reducing the difference in egg infestation level between the two hybrids under natural infestation. Secondly, adult midge oviposition decreases when adults are caged on panicles (Hallman 1982) . Caged females compared with uncaged females lay fewer eggs in the spikelets of resistant sorghum than in the susceptible sorghum. If it is more difficult for females to lay eggs in flowers of the resistant hybrid than in the susceptible hybríd, the disrupting effect caused by the cage could further reduce oviposition in spikelets of the resistant compared with the susceptible hybrid.
The results of these experiments indicated the existence of some degree of adult midge nonpreference for visitation to flowering panicles of the resistant hybrid. Also, adult midge density was lower on previously infested flowering panicles than uninfested panicles, independent of hybrid. Fourto 5-fold more eggs were laid in spikelets of the susceptible hybrid than in the resistant hybríd under a no-choice situation. Comparing the results of number of eggs laid in spikelets of both hybrids under a free-choice situation with the number laid in a no-choice situation, we conclude that nonpreference for oviposition is the major mechanism of resistance, reducing the number of eggs laid and egg-infested spikelets of the agronomically improved midge-resistant hybríd ATx2755 x Tx2767.
